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mi oiZTmLxz-tbtix^z. ittumLKo 
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20 tf±*K2 O0K3S7 5 . 7 6fctt. «vWW 

IZ%&. Z<r)tz^Z(T)Wm.l 3 , 74. 75, 7 6* { -f 

y?£7Offlfc*»K*-KY»0M-*.ri:fc: i flroT. 4 
y?S7 0<08«jWRI8U zztzfc&Lxvuy? 

wm^t&mu5Q (013) ii>e>9wuzMB*iz 
tz&h. z<mu5oa. <o?m7(nzimix* 
<mm&#WLbixxvhfrh. s xiutmwnttm'tf 
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±»S2 o . m*&m. i <nmmi 5,76, mi 
3, 7 AzmmmizgBz-txj y?m7 oizj y 
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50 ^jg^tttUS-tMkKJ: 1 ?. -f ^S7 0fc**** 
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ur. %<n-w?JXj\Mu zmfcth 4 o 0 

C0-»g8 0afcieiL. ifcflSJB*^ y?#ttPfciI 
ill-S.fc^fcJftftSjhXVi*. £*l&»8 1. 81,8 

i — a. m%<r)mmt®mz;ximnk%&%ft 

&£#o4 3&^J£h&S4 3(cffM$*n:ui>. 
fc#iH8 1, 81, 81- —fcli, SeSP8 3t«t'3'?- 
<oft#*-ftt:2^tfcJ:3t«B, ffllS(c«li84, 8 
5jWBjR§*1, ^fl^«S8 4, 8 5»i*ivWll«/'« 
?-y86. 8 7fc4 9^S«F»rKi:&h.T^S. 
[00 2 5] ilZ^Z.tlttt£%tmjj<VML9 0 (PI 

0 (b) ) (4. ttiGfcHtt<3ffiWim*'& ! 5r l ).-£*W> 
*Hfcl4Sf^iii*««f:-r4J:atai9 l*MIffi9 4, 
9 5jWBjfiS*TOv6. -f E«fr*K9 0cO^ 
Btl4*BIHtSB»t*ftjt9 1. 91, 91 
jSS*VOvt\ ^fL^#*9 1 , 9 1, 9 1 • ■• (4, l§I 

-*ffi*j>£>&SRIit9 2, 9 2, 9 2 £4>?# 

KSfl-O**. -ix^»9 1.91. 91--l±, -S 
tfSX)\MU*W&t*> 43 fc£«9 0<Z>-«89 0 a 

taau ^^pcaa*-** 3 fc# 

j£&»vcv*s. »9i. 9i. 9 1 •■■•«. fr^nM 

S^K»LfdlP^Xi&£4 3fcS*# { £i<. 4£ 

«f *«i4-f >?mmmz&m%mvn y? &w.®tz 

*:&J:3fc:#jRS*rCH4. Sfcfc#»91. 9 1.9 

1 2£ef^3fcj9**>#f*iwc2a't*j: 

3(C&gfl, HSCVS9 4. 9 5*WJft&»VO>4. £ 
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tit>w&9 4, 95 it zi\?nmm'*?-y 96. 97 
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<0»58 0 , 9 014. <eof$ggffi£ti#i: LTfflR-f S 

n.m<m^txfzmx v&btitz/xmuz&rh 

0(?>&m8 l(£JI8S3*lfc2o0>3ff84, 85b. « 

10 m oc?>2-o<?>nm9 4 , 9 5fcoav»t«jSL-c»« 

[ 0 0 2 7 ] m l 9(4, liSLfcBiw K<«tfn£ 

ft#fc4 *)fflm%li& 3 Xx- MffllSSS 1 0 1 (D& 
Jl*. -^y^«^P10 3ffl!l^«ffi8 5, 95W4E 
SL *-fc>/X/HlO«S84, 9 4 £(4. £;fc&m«a 
SrSifttflsJrt S *>fcR* S & aSttffl b -f S SE 
0»1 0 2^LT!B*'t*. 
20 [0028] iOSdlHlCifltf. BISffiWEfflniSiX 
St. 4"f >f >?m&n 1 0 3ffl!l^)^i8 5 , 95tf! 
^EPSD^^S*^, »ISS^»)SLrvM,^fi8 2, 9 
2«0rt. fl;®8 5 , 9 5t0lgWi(tAM V9Wm,Z^ 

s. aiia»io2(c»3es*irv^B9ia. -(Wiar^ 

W$^T^SttfiiW+'DSBSIft s 2 0mmc0*^C(42 0 
. ? n» ) * ? S3i-t S fc . «S8 5 . 9 5 *>^«0^tt 

K«<ts8 4, 9 4taBtt*. z\<mjaxw®m\ 

0 2*^ft-^* { tB^LTSffi8 4, 9 4tKWI*Wl 
30 HnS*l»ii:K J 0r6. «fiS8 5, 9 5^4 0 

LfcSMKftCffli't* WB"C«B8 4.94 
PSM82. 92tc40-f y^*Sfefcffi«tSifct* 

&<dx\ ;x>vmui,z$i\ti*o4>9*»^Qx\ t& 
m^mmx'imtizbiz**) . ^-yzEftmz 

[ 0 0 2 9 ] fcii. Z<?&mMGts^XliM&&m<r>& 
ttmz2ftWl-f&£?l,zLX^l1)K ^Hmz3r> 

&±izm\vx. 4y?m&umx'm.i<Km)mfi%- 
40 mmmm-tuzm-t^mmmm^^ifh^m 
ztitznmizwm^zm^& 4 3 iztxmm^ 
m*&ti z\bimt>frX'b$>. 
[ 0 0 3 0 ] 02 0(4. *m&m<7mmz%-t4 y 

t. iwti 1 0(4. Emm&x\ zzwm&i 

tzXolzEm&S&l 1 0<y)-i£ 1 1 0 atcaaLT^ 

x;m)p'sr»)sr6» 1 1 umti&tixn*). mi 1 
loMf, mummizmxittmzitht:ib<?Mte 
ii2, 1 1 2*j»^§itrv^i». znmmi 1 2, 1 

50 12(4. SXjmnkZ&H. O*"5ffl0B»l 10a 
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[0032] z^m.mt.za^xi.mwkmm- 
zsmmnrnx-zmn^iiMz 2 mx-^t^i x 
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#£tf£Sfrfrl 22a. 122b. 122c£«fOm® 20 
1 2 2£»j£U: , 5. 02 0 ( b ) fciSUfcJ: d fc4 >- 

rmmmmizm < 1 2 3 lt t, nat . 
coftmzm-th z b nwbfrX'bz, . 

[ 0 0 3 3 ] H2 2ti. E^£m+£i*:£flil?)IM 

ot. 0+flF^i 3 oti. Emttatsi 3 1 m&zti 
fzmx\ ;xji>mnmt,zi,m^mm 3 0a#. 

mi3 2iffititztiTm>. z<r>mmmi,z&tu$, mm 30 

1 3 2 fclMnSfifcrawi^KJ; IS^tSPSMl 3 3 
J±. 4>"7ttii&P»7)iS£HiA>\ yX/mP»7)&£ 

mmzft^zbiztch. ;««a, vstcmi^ 

Glttn£ix.S>i:. 4v?fl^PffljWft*H=3SBU -3o'v^ 
TWttftfttfvhS & V X;H8 UWfi$a®+t Ztlztth 

6. Ltz&iX. H?^H!fi^]t|5]«(c^-v-7^rE^ 
ftfc/X/lfBPlCflUliStfiii:**?**. 40 
[0034] Jb»U:0 1 2 fc^LfclOISW 

CAM*. 02 3KSU: J: 3 £4 >^flB&P«Tffi4 
LfcEEifcifc (|S|0 I ) #B#fi!AT£:mvc/X;HiP 

Zit&ZbtfTZ&tdto. mmiz&^XfiMlzj: O^L 
fcj: 3 < *>o»SI(0*^/iM^yX;i, 

>7mm3tmiz®ffi-&zbtfx'%t> mm 1 1 50 
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0. fl9*lW4 h£4tTl3J#tfWOffiT*ffl<£ 
[OO36]025fi. *»B<OflS2««3tW**tfc 

mt®frt>%&m&x\ mfct&m<?)*{>w.*m<7) 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the ink jet recording head which the ink 
of the ink interior of a room is made to fly as a drop by the kinetic energy of a 
piezoelectric transducer, and forms a dot in a record form. 
[0002] 

[Description of the Prior Art] The recording head used for the ink jet printer which ink is 
made to fly as a drop, is made to form a dot in a record form, and prints an alphabetic 
character and a graphic form It is that to which the pressure of ink room ** is changed 
with the piezo electric crystal which will produce mechanical displacement if a driving 
signal makes it impress. For example, while diaphram constitutes a part of pressure room 
as shown in JP,47-2006,A, the piezo electric crystal substrate cast in the shape of sheet 
metal is stuck on this diaphram, and it is constituted. Although this ink jet type recording 
head shrinks an ink room, makes the nozzle orifice which is open for free passage to this 
to ink fly outside by making ink into a drop and forms a dot in a recording head by 
impressing a driving signal to a piezoelectric device if, in order to close this activity on 
the relation which sticks a piezoelectric-device plate on diaphram » the magnitude of a 
pressure room - a certain extent - it must enlarge, since the nozzle orifice is arranged at 
very minute spacing in order to raise a hemihedry and a quality of printed character 
These both must be connected by passage and there is a problem that structure is 
complicated. 

[0003] A nozzle orifice is made to counter, the tip of a piezoelectric transducer is 
arranged as it is shown in JP,60-8953,B in order to solve such a problem for example, 
and the ink jet type recording head makes ink generate dynamic pressure with the 
variation rate of a piezoelectric device, and it was made to make an ink droplet fly is also 
proposed. Since big distance is in the acoustic impedance of a piezoelectric transducer 
and ink while according to this the passage which connects a pressure room and a nozzle 
becomes unnecessary and simplification of structure can be attained, there is a problem 
that the energy generated in the piezoelectric device cannot be used effective in drop 
formation. 

[0004] Moreover, while forming two or more passage in one front face of a piezo electric 
crystal substrate according to a dot formation field as shown in JP,63-247051,A in order 
to solve such a problem, the ink jet type recording head to which a wall surface is made 
to produce the deformation in shear mode, and the volume of a slot is changed is 
proposed by preparing an electrode in the wall surface of these passage. According to this 



recording head, since it not only can plan **** of structure, but the passage which opens 
between an ink room and nozzle orifices for free passage becomes unnecessary since the 
ink which exists in passage is directly compressible and an ink room is compressed 
directly, it has the advantage which generates a drop as it is also at high effectiveness that 
it can do. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the member for forming the 
nozzle orifice for being stabilized and making a drop fly and the so-called nozzle plate 
are needed, it is necessary for a piezo electric crystal substrate to fix a nozzle plate. 
However, since a nozzle plate is fixed to a piezo electric crystal substrate, in order that a 
joint may receive telescopic motion of a piezo electric crystal substrate directly, there is a 
problem that the dot which spreading of adhesives is needed for a very minute part, and 
bond strength not only falls, but is formed of a location gap of a nozzle plate etc. 
fabrication operation is not only complicated, but is not fixed. It is offering the new ink 
jet recording head which can form the dot which this invention's was made in view of 
such a problem, and the place made into the purpose made installation of a nozzle plate 
unnecessary, and was stabilized with the simplification of a production process. 
[0006] 

[Means for Solving the Problem] In order to solve such a problem, it sets to this 
invention. The part equipped with the depth used as a part equipped with the depth which 
forms the ink reservoir section, and opening suitable for it being open for free passage to 
one flank, and making an ink droplet fly, The slot which has the part equipped with the 
depth suitable for receiving supply of ink from the exterior, and was separated at constant 
pitch by the septum, As the open field of said slot was made in agreement [ two or more 
piezo electric crystal substrates by which were equipped with the electrode formed in said 
each slot by dissociating electrically and polarization was carried out in the thickness 
direction ] and the direction of polarization conflicted, while fixing to one, said opening 
side formed the ink supply means in the opposite side. 
[0007] 

[Function] If a polar electrical potential difference different, respectively is impressed to 
the electrode of the slot of the field which should form an ink droplet, and the slot of the 
neighbors of this, the septum which has separated the slot will shear-strain to the slot side 
which should form an ink droplet. Consequently, the volume of the slot which should 
form an ink droplet will be reduced, and it will become an ink droplet from opening of 
the ink fang furrow which exists here as it is, and will fly outside. 
[0008] 

[Example] Then, based on the example illustrating the detail of this invention, it explains 
below. Drawing 1 is what shows the ink jet type recording head of the 1st example of this 
invention. The sign 1 in drawing With the piezo electric crystal substrate (henceforth a 
central substrate) arranged in the center which consists of an ingredient in which 
piezoelectric phenomena, such as lead zirconate arranged in a core, are shown the slots 3, 
3, and 3 later mentioned to front flesh-side both sides — it has the thickness which is .... 
and extent which can form 4, 4, and 4 .., and polarization processing is performed in the 
thickness direction, and it was shown in the front face and a rear face at drawing 2 , 
respectively — like — etc. — the slots 3, 3, and 3 which become spacing with passage 4 
and 4, and 4 .. are formed. 



[0009] moreover, the slots 3, 3, and 3 of each side .... and the septa 5, 5, and 5 by which 
4, 4, and 4 consists of the same ingredient .., 6 and 6, and 6 .. separate — having — **** 
- respectively —1/2 pitch ****** - it is positioned like, slots 3, 3, and 3 4 and 4, 
and 4 .. the end — nozzle orifices 50, 50, and 50 .. are open for free passage to 1 side-edge 
la. of the central substrate 1 so that 51,51, and 51 .. may be formed, and the other end is 
made to be open for free passage and make it the ink feed zone material 10 Moreover, in 
the back end front face of the central substrate 1, it is each slots 3, 3, 3, 4, and 4 and 
4.. The circuit pattern 13 which connects the cable 12 connected with the electrode 17 
prepared succeeding the wall surface and the base in the drive circuit which is not 
illustrated is formed. 

[0010] As shown in drawing 3 , depth is shallow [ the points 3 a and 4a used as a nozzle 
orifice ] so that it may become the opening size suitable for making a drop fly, and the 
center sections 3b and 4b of these slots 3 and 4 are deep so that it may become the 
volume of extent which can hold the ink of a complement in formation of an ink droplet, 
and further, the back end side is formed so that it may become opening 10a of the ink 
feed zone material 10, and the depth which has suitable fluid resistance, the metal layer 
electrically separated by the null section 15 among the septa 5 and 6 which adjoin the 
pars basilaris ossis occipitalis; and a side attachment wall as each slots 3 and 4 were 
shown in drawing 4 forming — electrodes 16, 16, and 16 17 and 17, and 17 .. are 
prepared and impression of a driving signal is received from a drive circuit. 
[001 1] With the upper substrate which consists of an ingredient in which the same 
piezoelectric phenomena as the sign 20 in drawing and a central substrate are shown The 
slot 21 is formed in the slots 3 and 3 currently formed in the central substrate 1 as shown 
in drawing 6 , and 3 .... and the location which counters. These slots 21 Point 21a used as 
a nozzle orifice is shallow, and partial 21b used as an ink room is deep, and it is formed 
so that back end section 21c may be further open for free passage to opening 10a of the 
ink feed zone material 10. Each [ these ] slots 21 and 21 and 21 .... are isolated by septa 
22 and 22 and 22 .., and the metal layer electrically separated by the null section 23 is 
formed in a wall surface and a base, and electrodes 24 and 24 and 24 are prepared. 
These electrodes 24 and 24 and 24 .... form electric conduction relation with the 
electrodes 16 and 16 of the central substrate 1, and 16 .., when it piles up with the central 
substrate 1. 

[0012] The sign 30 in drawing is the bottom substrate which consists of an ingredient in 
which the same, piezoelectric phenomena as the central substrate 1 are shown. The slot 31 
is formed in the slots 4 and 4 currently formed in the central substrate 1 as shown in 
drawing 9 , and 4 .... and the location which counters. These slots 31 Point 31a used as a 
nozzle orifice is shallow, and partial 31b which forms an ink room is deep, and back end 
section 31c is further open for free passage with opening 10a of the ink feed zone 
material 10. Each [ these ] slots 31 and 31 and 31 are isolated by septa 32 and 32 and 
32 .., and the metal layer electrically separated by the null section 33 is formed in a wall 
surface and a base, and electrodes 34 and 34 and 34 .. are prepared. These electrodes 34 
and 34 and 34 .... are the electrodes 17, 17, and 17 of the central substrate 1, when it piles 
up with the central substrate 1.. ****** relation is formed. 
[0013] Drawing 12 shows one example of the processing approach of the central 
substrate 1 mentioned above, the upper substrate 20, and the bottom substrate 30, fixes 
the predetermined include angle 41, for example, the wedge-shaped base of 2 times, to 



the level work-piece standing ways 40, and fixes the piezo electric crystal substrate 42 of 
predetermined thickness on the surface of this. 

[0014] KATTENGU [ the location of a dicing saw 43 is set up so that the penetrating 
depth in the point which serves as a nozzle orifice in this condition may become the value 
suitable for a nozzle orifice, for example, 30 micrometers, and / a dicing saw 43 or work- 
piece immobilization 40th / only fixed distance makes it move horizontally and ] 
relatively. The width of face which is equivalent to the OFF cost of a dicing saw by this 
at the include angle specified on the wedge-shaped base 41, for example, a 90- 
micrometer slot, will be formed. An end shape is completed by pulling up a dicing saw 
43 slowly, moving horizontally standing ways 40 or a dicing saw 43 still more, when 
fixed length is cut (I). 

[0015] In the phase which formation of one slot ended, the slot of a required number is 
formed for the work-piece standing ways 40 or a dicing saw 43 predetermined spacing, 
for example, by being able to shift 170 micrometers and repeating the above-mentioned 
process again. 

[0016] both sides of each piezo electric crystal substrate in which the slot 44 was formed 
— technique, such as electroless deposition, and sputtering, vacuum evaporationo, - a 
substrate front face — the nickel layer 45 — predetermined thickness, for example, 1 
micrometer, — forming — the front face of (II) and this nickel layer — a corrosion- 
resistant metal (Au), for example, gold, — predetermined thickness ~ for example, 0.1 
micrometers is formed (III). 

[0017] Subsequently, the metal layers 45 and 46 currently formed on the surface of the 
septum are etched in the direction parallel to passage by cutting or the photolithography 
with a dicing saw 47 etc., and the deposit of each passage is made to become independent 
electrically (IV). Thus, each constituted substrate makes each slots 21 and 31 of the upper 
substrate 20 and the bottom substrate 30 counter each front face, and is fixed by 
adhesives etc. so that it may be in agreement with the slots 3 and 4 of the central substrate 
1. Moreover, open the ink feed zone material 10 and 10 for free passage in the back end 
section of the upper substrate 20 and the bottom substrate 30, the edges 3a and 4a of the 
slots 3 and 4 of the central substrate 1 are made to open the ink feed hopper 10a for free 
passage, and it fixes to a central substrate. Moreover, the slots 31 and 31 of the bottom 
substrate 30 and 31 .... are made to counter the front face of another side of the central 
substrate 1 , and it is pasted. 

[0018] As this showed drawing 13 , arrangement immobilization of the upper substrate 
20 and the bottom substrate 30 is carried out so that it may have the directions E2 and E3 
of polarization which disagree with the direction El of polarization of the central 
substrate 1 bordering on a connection side with the******** central substrate 1. the 
parts 3a and 21a shallowly formed by part for a point, respectively, and 4a and 31a 
showed each slot currently formed in these substrates 1, 20, and 30 to drawing 14 — as — 
nozzle orifices 50, 50, and 50 51 and 51, and 51 .. moreover, the ink room of a cross- 
section length waterdrop mold will be formed in a central part, moreover, the upper 
substrate 20 and the bottom substrate 30 — the electrodes 17, 17, and 17 with which each 
electrode 24, 24, 24, 34 of each, and 34 and 34 are formed in each front face of the 
central substrate 1 ..,18 and 18, and 18 .. will be contacted and electric conduction 
relation will be formed. 

[0019] thus, the constituted ink jet type recording head was shown in drawing 15 — as — 



each electrodes 24, 24, and 24 of the upper substrate 20 and the central substrate 1 it 
connects with the drive power source 68 through .... and 3 State drive circuits 61-67 in 
which 17, 17, and 17 .. receives control with the signal from the printing data output 
circuit 60. In the ink room 70 corresponding to the location which should form a dot in 
this condition, one pole, Minus to the electrode prepared in two ink rooms 71 and 72 
which adjoin this ink room 70 again For example, the pole of another side, For example, 
when plus is impressed ( drawing 16 ), the electric fields Fl and F2 which make the ink 
room 70 an object line, respectively will act on the septa 73 and 74 of the central 
substrate 1 which has divided the ink room 70 which should form a dot, and the septa 75 
and 76 of the upper substrate 20. For this reason, these septa 73, 74, 75, and 76 will curve 
in shear mode to the ink room 70 side, the volume of the ink room 70 contracts, and the 
ink which exists here is compressed. The ink of the ink room 70 will fly outside by this 
from the opening 50 ( drawing 13 ) to which the tip was extracted. Since that cross 
section is extracted as compared with the ink room 70, this opening 50 will make the ink 
of an ink room fly in a record form as a drop of the optimal diameter, without performing 
an operation equivalent to a nozzle, therefore requiring nozzle orifice formation 
members, such as a nozzle plate, and will form a dot in this. 

[0020] If dot formation is completed and impression of a driving signal stops, since the 
septa 73, 74, 75, and 76 which were deforming now will return to the original condition, 
ink is supplied to the ink room 70 which an ink room will be expanded in process of this 
return, therefore formed the ink droplet from ink feed hopper 10a, and preparation of the 
next dot formation is completed. 

[0021] In addition, although it is in the condition that ink is flowing into the ink room in 
this example and ink is made to breathe out by making the septum which has divided the 
ink room transform into an ink room side suddenly As shown in drawing 17 , at the time 
of the direction which expands the volume of the ink rooms 71 and 72 contiguous to the 
ink room 70, i.e., contraction, it is an opposite direction as a reserve process. And the 
change rate of field strength impresses the small electric fields F3 and F4, make it 
transform comparatively slowly the septa 75 and 76 of the upper substrate 20 and the 
central substrate 1, and 73 and 74, and it fills up the ink room 70 with ink. Make septa 75, 
76, 73, and 74 transform into the ink room 70 side rapidly, and an ink droplet is made to 
breathe out, as shown in drawing 16 . Subsequently, by things An ink droplet can be 
generated at high effectiveness using the elastic energy which is made filled up with the 
ink of sufficient amount for the ink room 70, and is accumulated in septa 75, 76, 73, and 
74. 

[0022] Moreover, although a slot is formed in both sides of the central substrate 1 in an 
above-mentioned example and he is trying to form the nozzle orifice of two trains, even if 
it constitutes what formed the slot only in one field of the substrate equivalent to an 
above-mentioned central substrate, and was equipped with the nozzle orifice of only one 
train, it is clear to do the same operation so. 

[0023] Drawing 18 (a) and (b) are drawings showing the structure of the piezo electric 
crystal substrate which constitutes other ink jet type recording heads of this invention, 
respectively, the sign 80 in drawing is a piezo electric crystal substrate, it consists of an 
ingredient in which piezoelectric phenomena, such as lead zirconate, are shown, and 
polarization processing is performed in the thickness direction, and the slots 81 and 81 
which serve as passage at equal intervals, and 81 .... are formed in the front face. 



[0024] the septa 82, 82, and 82 by which each slots 81 and 81 and 81 .... consist of the 
same ingredient — it is formed so that .... may dissociate, it may be open for free passage 
to 1 side-edge 80a of a substrate 80 so that the end may form a nozzle orifice, and the 
other end may be open for free passage to an ink feed hopper. The point from which these 
slots 81 and 81 and 81 .... become a nozzle orifice like the above-mentioned example has 
shallow depth so that it may become the opening size suitable for making a drop fly, and 
a center section is deep so that it may become the volume of extent which can hold the 
ink of a complement in formation of an ink droplet, and further, the back end side is 
formed so that it may become opening of ink feed zone material, and the depth which has 
suitable fluid resistance, further — each slots 81,81, and 81 - electrodes 84 and 85 are 
formed in a pars basilaris ossis occipitalis and a side attachment wall so that it may be 
made the longitudinal direction by the null section 83 for 2 minutes, and external 
connection of these electrodes 84 and 85 is enabled with the electric conduction patterns 
86 and 87 at respectively. 

[0025] Moreover, the substrate 90 (this drawing (b)) of another side which makes this 
and a pair consists of the same piezoelectric material as the above-mentioned, and a slot 
91 and electrodes 94 and 95 are formed so that it may be aimed at a plane of composition 
on the surface of this, namely, the septa 92, 92, and 92 by which the slots 91 and 91 
which serve as passage at equal intervals, and 91 .... are formed in the front face of the 
piezo electric crystal substrate 90, and each [ these ] slots 91 and 91 and 91 consist of 
the same ingredient .... dissociates. These slots 91 and 91 and 91 .... are formed so that it 
is open for free passage to 1 side-edge 90a of a substrate 90 so that an end may form a 
nozzle orifice, and the other end may be open for free passage to an ink feed hopper. The 
point from which slots 91 and 91 and 91 .... become a nozzle orifice like the above- 
mentioned example has shallow depth so that it may become the opening size suitable for 
making a drop fly, and a center section is deep so that it may become the volume of 
extent which can hold the ink of a complement in formation of an ink droplet, and 
further, the back end side is formed so that it may become opening of ink feed zone 
material, and the depth which has suitable fluid resistance. Furthermore, electrodes 94 
and 95 are formed in the pars basilaris ossis occipitalis and the side attachment wall so 
that each slots 91 and 91 and 91 .... may be made into the longitudinal direction by the 
null section 93 for 2 minutes. External connection of these electrodes 94 and 95 is 
enabled with the electric conduction patterns 96 and 97, respectively. 
[0026] Thus, when two constituted piezo electric crystal substrates 80 and 90 are made to 
counter and it is made to rival with adhesives etc., two substrates 80 and 90 will have the 
ink room of the cross-section length waterdrop mold which has the nozzle orifice 
extracted from the part in which it had polarization polarity E4 and E5 in the direction 
which conflicts bordering on the connection side, and a part for a point was formed 
shallowly, respectively. Moreover, two electrodes 84 and 85 formed in each slot 81 of a 
substrate 80 and two electrodes 94 and 95 of a substrate 90 will contact mutually, and 
will form electric conduction relation, and the electrode divided into two at the 
longitudinal direction will be formed in one ink room. 

[0027] Drawing 19 shows the drive method of the recording head mentioned above, and 
outputs the time amount taken for vibration to spread the output of 3 State drive circuits 
101 which receive control with the signal from the printing data output circuit 100 to the 
electrodes 85 and 95 by the side of the ink feed hopper 103, and to spread inter-electrode 



[ these ] to the electrodes 84 and 94 by the side of direct and a nozzle through the delay 
circuit 1 02 made into a time delay. 

[0028] According to this example, if a driving signal is impressed, since a signal is first 
impressed to the electrodes 85 and 95 by the side of the ink feed hopper 103, among the 
septa 82 and 92 which constitute passage, only the field of electrodes 85 and 95 deforms 
into an ink room side, the ink which exists here will be compressed and an elastic wave 
will be produced. If the time amount (20 microseconds when [ For example, ] the center 
distance of the electrode currently divided is 20mm) set as the delay circuit 102 passes, 
the elastic wave from electrodes 85 and 95 will reach electrodes 84 and 94. At this time, a 
signal will output from a delay circuit 102, and a driving signal will be impressed to 
electrodes 84 and 94. For this reason, since ink will be further compressed by the 
electrode 84 and the septa 82 and 92 of 94 fields with the gestalt superimposed on the 
elastic wave generated with electrodes 85 and 95, are high effectiveness, moreover, the 
ink which goes to a nozzle orifice will be compressed in a short field, a sharp pressure 
wave is made to act on a nozzle orifice, and the good ink droplet of an ink piece is made 
to fly. 

[0029] In addition, even if it makes it impress a driving signal to the electrode which 
divided or more into three at the longitudinal direction, and was each divided while 
delaying only the time amount required for the pressure wave generated in the ink feed 
hopper side to reach each electrode although he is trying to divide an electrode into two 
in this example at the longitudinal direction of a slot, it is clear to do the same operation 
so. 

[0030] The structure of the electrode of an ink jet recording head of making other 
examples of this invention shows drawing 20 , as mentioned above here, the slot 1 1 1 
which is open for free passage to end 1 10a of the piezo electric crystal substrate 110, and 
forms a nozzle orifice is formed, the sign 1 10 in drawing is a piezo electric crystal 
substrate, and the electrode 1 12,1 12 for making electric field act on a septum is formed in 
the wall surface of a slot 111, and the base. This electrode 1 12,1 12 consists of field 1 12a 
which becomes the side which serves as a nozzle orifice, i.e., substrate edge 110a, and 
field 1 12b which becomes an ink feed hopper side so that field 1 12b by the side of an ink 
feed hopper may become thick. Needless to say, the electrode with which such thickness 
differs partially can be simply formed by controlling vacuum evaporationo time amount 
and plating time amount. 

[0031] If such electrode structure is taken, since the elasticity of the septum by the side of 
an ink feed hopper can be reinforced with a metal with a bigger elastic modulus than a 
piezo electric crystal substrate, deformation of the septum of an ink feed hopper side field 
will start earlier than a nozzle orifice side. Since it is in the condition in the middle of the 
septum of this field being deformation when the pressure wave of the ink produced 
according to this deformation reaches a nozzle orifice side, the pressure wave spread 
from the ink feed hopper side will be compressed further, a sharp pressure wave is made 
to act on a nozzle orifice like the above-mentioned, and the good ink droplet of an ink 
piece is made to fly. 

[0032] In addition, although he is trying to change the thickness of the metal layer which 
constitutes an electrode in this example to the longitudinal direction of a slot in two steps 
Partial 122a which carried out the increment of the thickness to the longitudinal direction 
of the slot 121 of the piezo electric crystal substrate 120 more than the three-stage as 



shown in drawing 20 (a), As shown in drawing 20 (b), even if it forms the electrode 122 
with 122b and 122c or an ink supply side forms the electrode 123 which becomes thick in 
monotone, it is clear to do the same operation so. 

[0033] The structure of the slot which forms in a piezo electric crystal substrate other 
examples on which a pressure wave is centralized shows drawing 22 , the sign 130 in 
drawing is the slot formed in the piezo electric crystal substrate 131, field 130b shallow 
to extent to which deep field 130a does not cause a failure to an ink feed hopper side 
again at ink droplet formation is formed in a nozzle orifice side, and the electrode 132 is 
formed in these wall surfaces and a base. According to this example, as compared with 
the height H2 by the side of a nozzle orifice, since it is small, as for the septum 133 
which deforms with the driving signal impressed to the electrode 132, the height HI by 
the side of an ink feed hopper will have a high elastic modulus in response to constraint 
at the bottom. Consequently, when a driving signal is impressed to an electrode, an ink 
feed hopper side deforms first, and since a nozzle orifice side with a small elastic 
modulus will deform continuously, the septum of a nozzle orifice side field will deform 
with the gestalt superimposed on the pressure wave spread from the ink feed hopper side. 
Therefore, a sharp pressure wave can be made to act on a nozzle orifice like the above- 
mentioned example. 

[0034] As shown in drawing 23 according to the example shown in drawing 19 **** 
drawing 22 mentioned above, it is a time of the pressure wave (this drawing I) generated 
in the ink feed hopper side setting time amount deltaT, and arriving at a nozzle orifice 
side (this drawing II), and since the field here can be made to transform, it becomes 
possible to make a nozzle orifice spread a small pressure wave with big peak value of the 
skirt as shown with the dotted line in this drawing. Consequently, the ink droplet which a 
regurgitation rate is quick, the short ink droplet of duration will moreover occur, and 
whose knee is small, and moreover does not have generating of tailing can be injected in 
a record form (this drawing III). 

[0035] On the other hand, since a pressure wave occurs in coincidence in all the fields 
from a nozzle orifice to an ink feed hopper as shown in drawing 24 (I) and this spreads to 
a nozzle orifice one by one in not taking the above measures, it will elutriate over 
comparatively long time amount like the liquid jet from a water gun exactly. For this 
reason, the ink droplet which this drawing (II) flying speed is small, and moreover carries 
out long duration continuation will occur, a knee and a satellite will be produced, and 
deterioration of a quality of printed character will be caused. 
[0036] By drawing 25 showing the 2nd example of this invention, the sign 140 in 
drawing is the substrate which consists of piezoelectric material, such as lead zirconate, 
and it is selected by the depth of the deepest part of the passage mentioned later, for 
example, bigger thickness than 1/2 [ 400-micrometer ], for example, 1mm, and 
polarization processing is beforehand made in the thickness direction. 141 is the upper 
substrate which consists of the same ingredient as the above-mentioned substrate 140, it 
is selected by the thickness with about 1/comparable as 2 of the deepest part of passage, 
for example, 200 micrometers, and polarization processing is beforehand made in the 
thickness direction. It is fixed with adhesives and these substrates 140,141 are constituted 
by one substrate 142 so that the direction of polarization may counter. 
[0037] Slot 143,143,143 .... which constitutes passage as were shown in drawing 26 and 
this substrate 142 uses the substrate 141 with thinner thickness as a front face is formed. 



At the end of a substrate 142, these slots so that a nozzle orifice may be formed united 
with the lid 150 later mentioned as width of face was chosen as 85 micrometers and it 
was shown in drawing 27 With a very shallow depth of 80 micrometers, for example, 
depth, partial 143a, It is formed so that it may become the shallow depth with which 
passage is severed by the wall surface as partial 143b and the other end with a thickness [ 
twice / about / the depth of a substrate 141 ] and a depth of 400 micrometers are a 
substrate 141, for example, partial 143c which is 100 micrometers. There is little this 
partial 143c about the return of ink at the time of opening 151a of the ink feed zone 
material 151 mentioned later, and fixed fluid resistance, i.e., printing, and at the time of 
ink supply, that depth and die length are chosen so that it may become extent with which 
ink flows into whether you are Sumiya. 

[0038] Septum 146,146,146 which consists of the same ingredient, respectively 
dissociates, and a metal layer is prepared in the wall surface and a base, electrode 
147,147,147 .. is constituted, electric conduction pattern 148,148,148 .. connects with a 
cable 149, and each slot 143,143,143 .... receives a driving signal from an external drive 
circuit. 

[0039] It returns to drawing 25 again, and 150 is the lid mentioned above, and it is being 
fixed to the substrate 142 so that from point 143a of the slot 143,143,143 formed in the 
substrate 142 to back end section 143c may be sealed. 151 is ink feed zone material and 
is attached in a part of back end section 143c of the ink feed hopper 151a fang furrow 
143, and a location open for free passage. Drawing 28 shows one example of the 
formation approach of the slot 143 mentioned above, and the sign 155 in drawing is the 
substrate which made the direction of polarization counter, and two piezo electric crystal 
substrates 156,157 with which polarization processing was made beforehand were made 
to rival, and constituted them, and is fixed to the bench by making the substrate 156 of 
the thinner one into a cutting initiation side. A dicing saw 160 is set to the location used 
as the central part of a slot in this condition, and the slot 161 of the die length which was 
made to move infeed, a dicing saw, and a substrate 155 relatively, and was suitable for 
the ink room is formed until it becomes about 2 times of the thickness of a substrate (I). 
[0040] A dicing saw 160 is pulled up in the phase in which the slot 161 which does in 
this way and serves as an ink room in ** was formed, a dicing saw 160 is moved at the 
tip of a substrate 155, and this part is deeply cut by predetermined Mr. Fukashi (II). 
Furthermore, a dicing saw 160 is moved to another side of a substrate 155, and the part 
used as a connection with ink feed hopper 151a is formed. At this time, infeed depth and 
die length are adjusted according to ink and the ink supply pressure to be used. In the 
phase which formation of a slot ended, the layer of a nickel chromium alloy is formed by 
vacuum evaporationo, sputtering, electroless deposition, etc. so that it may become 4 
micrometers in thickness, and a golden (Au) layer is formed in the front face of this layer 
so that it may become 1 micrometer in thickness. Thus, when a metal layer is formed all 
over the front face of a substrate, the wall surface of a slot, and a base, the metal layer on 
the top face of a septum which has divided the slot is removed, and the electrode for 
every slot is separated electrically. The metal layer of the front face of the substrate back 
end section is made to correspond to an electrode that the track connected to these 
electrodes according to this should be formed, and it dissociates. 
[0041] If the cross-section structure of the ink jet type recording head constituted by 
carrying out drawing 29 in this way is shown and ink is supplied to ink feed hopper 151a 



in this example, ink will flow into the whole slot from edge 143c of a slot 143, and will 
form a meniscus in a nozzle orifice 145. the electrode of the slot which is open for free 
passage in this condition to the nozzle orifice in which a dot should be made to form - 
one pole - moreover, if the electrical potential difference of the pole of another side is 
impressed to the electrode of two slots which adjoin this, the septum which has divided 
the slot which should form a dot as mentioned above will deform in shear mode, and will 
reduce the volume here to an ink room side. Ink will fly outside by this from the nozzle 
orifice 145 formed with point 143a of the slot on the substrate, and a lid 150. If a signal is 
severed when formation of a dot is completed, since a septum will be in the original 
condition, the volume of a slot is expanded, ink is supplied from edge 143c of a slot by 
this, and it prepares for the next printing. 

[0042] In addition, although an ink room is reduced by impression of a driving signal in 
this example and he is trying to print, after making an ink room extend as drawing 17 
explained, it can also print. Moreover, the technique shown in drawing 18 (a) **** 
drawing 22 (b) also in this example, That is, an electrode is divided into a nozzle orifice 
and ink supply side to at least two fields. According to the propagation velocity of a 
pressure wave, time difference is given from an ink supply side. Impress a driving signal 
or Moreover, by applying forming in an ink supply side the electrode which becomes 
thick one by one from a nozzle orifice side, and making shallow the depth of flute by the 
side of ink supply, and making small relatively the elastic modulus by the side of a nozzle 
orifice It is clear that Susono generates a pressure wave with big peak value, and can 
generate the sharp ink droplet of an ink piece small. 

[0043] Drawing 30 shows one example of this invention, the sign 170 in drawing is the 
substrate which consists of piezoelectric material, such as lead zirconate, it is selected by 
the deepest partial depth of the passage mentioned later, for example, bigger thickness 
than 1/2 [ 400-micrometer ], for example, 1mm, and polarization processing is 
beforehand made in the thickness direction. 171 is the upper substrate which consists of 
the same ingredient as the above-mentioned substrate 170, it is selected by the thickness 
with about 1/comparable as 2 of the deepest part of passage, for example, 200 
micrometers, and polarization processing is beforehand made in the thickness direction. It 
is fixed with adhesives and these substrates 170,171 are formed in one plate so that the 
direction of polarization may counter. As the slot 173 with a width of face of about 85 
micrometers mentioned above so that the substrate 171 with thinner thickness might 
serve as an effective area, it is formed at constant pitch and is in this substrate 172. These 
slots 171 are formed so that it may become the depth of about 400 micrometers of about 
2 twice of the thickness of a substrate 171, for example, the depth, with cross-section boat 
form, a metal layer is prepared in the wall surface and base the same with having 
mentioned above, and the electrode 176 is formed. 

[0044] It has the die length of extent which 180 is a lid, an end is wide opened at the edge 
as shown in drawing 3 1 , and the other end opens for free passage into the slot 173 of the 
piezo electric crystal substrate 171 at least. And the depth, size suitable for both width of 
face forming the nozzle orifice which makes an ink droplet fly, For example, it is 
constituted so that about 80 micrometers slot 180a may be formed according to the pitch 
of a slot 173,173,173 and may form a nozzle orifice 181 ( drawing 32 ) in a point by slot 
180a of a lid 180, and the front face of the piezo electric crystal substrate 171. 182 is ink 
feed zone material, and it is being fixed so that it may be open for free passage by the 



other end of the ink feed hopper 182a fang furrow 173. 

[0045] In this example, if a driving signal is impressed to the electrode 176 of two slots 
contiguous to the slot which is open for free passage to the nozzle orifice which should 
form a dot the same with having mentioned above, a septum will deform and an ink room 
will contract. A pressure is received, and the ink held in the slot by this serves as an ink 
droplet from the nozzle orifice 181 formed by level difference 180a of a lid 180, and the 
piezo electric crystal substrate 172, and will fly. In addition, although an ink room is 
reduced by impression of a driving signal in this example and he is trying to print, after 
making an ink room extend as drawing 17 explained, it can also print. 
[0046] Moreover, the technique shown in drawing 18 (a) **** drawing 22 (b) also in this 
example, That is, an electrode is divided into a nozzle orifice and ink supply side to at 
least two fields. According to the propagation velocity of a pressure wave, time 
difference is given from an ink supply side. Impress a driving signal or Moreover, by 
applying forming in an ink supply side the electrode which becomes thick one by one 
from a nozzle orifice side, and making shallow the depth of flute by the side of ink 
supply, and making small relatively the elastic modulus by the side of a nozzle orifice It 
is clear that Susono generates a pressure wave with big peak value, and can generate the 
sharp ink droplet of an ink piece small. 

[0047] It is what is shown that drawing 33 is also at the structure of a slot about other 
examples of this invention. The sign 190 in drawing polarization processing should do in 
the thickness direction — about [ of the maximum depth of the slot which one thickness 
should form ] - with the piezo electric crystal substrate 191 which has one half of 
thickness, and the substrate which made the direction of polarization counter, and the 
thicker piezo electric crystal substrate 192 was made to rival, and consisted of this 
substrate 191 From the side used as a nozzle orifice, the slot is formed so that depth may 
become deep in monotone at an ink supply side at the shape of a straight line. 
[0048] According to this example, a dicing saw is applied to the side used as the nozzle 
orifice of a substrate 190, and it becomes possible to form a slot by one actuation only by 
performing cutting, bringing a dicing saw and a substrate 190 in the direction which 
should form a slot close relatively. In addition, although the case where a nozzle orifice 
was formed only in one field of a substrate in the example shown in drawing 25 and 
drawing 30 was taken and explained to the example, the gestalt of 2 train array as shown 
in drawing 1 can also be taken. 

[0049] That is, as shown in drawing 34 , the piezo electric crystal substrate 201,202 
equipped with about 1/2 thickness of the slot which should be formed in both sides of the 
piezo electric crystal substrate 200 arranged in the center is stuck, and a slot 203,204 is 
formed in a predetermined pitch from these piezo electric crystal substrate 201,202 side, 
respectively. If close with a lid 205,206, the slot 203,204 of each field is made open for 
free passage and the ink feed zone material 207,208 is formed while forming in these 
slots 203,204 the electrode which became independent electrically, respectively, the 
recording head equipped with the nozzle orifice of two trains can be constituted easily. 
[0050] 

[Effect of the Invention] The part equipped with the depth which forms the ink reservoir 
section in this invention as explained above, The part equipped with the depth used as 
opening suitable for it being open for free passage to one flank, and making an ink 
droplet fly, The slot which has the part equipped with the depth suitable for receiving 



supply of ink from the exterior, and was separated at constant pitch by the septum, As the 
open field of said slot is made in agreement [ two or more piezo electric crystal substrates 
by which were equipped with the electrode formed in these slots by dissociating 
electrically, and polarization was carried out in the thickness direction ] and the direction 
of polarization conflicts, while fixing to one The dot which made installation of a nozzle 
plate unnecessary and was stabilized with the simplification of a production process can 
be made to form by forming an ink supply means in the opposite side with an opening 
side. 



CLAIMS 



[Claim(s)] 

[Claim 1] The part equipped with the depth used as a part equipped with the depth which 
forms the ink reservoir section, and opening suitable for it being open for free passage to 
one flank, and making an ink droplet fly, The slot which has the part equipped with the 
depth suitable for receiving supply of ink from the exterior, and was separated at constant 
pitch by the septum, As the open field of said slot is made in agreement [ two or more 
piezo electric crystal substrates by which were equipped with the electrode formed in said 
each slot by dissociating electrically and polarization was carried out in the thickness 
direction ] and the direction of polarization conflicts, while fixing to one The ink jet 
recording head which comes to prepare an ink supply means in the opposite side with 
said opening side. 

[Claim 2] The part equipped with the depth used as a part equipped with the depth which 
forms the ink reservoir section, and opening suitable for it being open for free passage to 
one flank, and making an ink droplet fly, The slot which has the part equipped with the 
depth suitable for receiving supply of ink from the exterior, and was separated at constant 
pitch by the septum, The central substrate by which equipped both sides with the 
electrode formed in said each slot by dissociating electrically, and polarization was 
carried out in the thickness direction, The part equipped with the depth used as a part 
equipped with the depth which forms the ink reservoir section, and opening suitable for it 
being open for free passage to one flank, and making an ink droplet fly, The slot which 
has the part equipped with the depth suitable for receiving supply of ink from the 
exterior, and was separated at constant pitch by the septum, As the open field of the slot 
of a central substrate is made in agreement [ two piezo electric crystal substrates by 
which equipped one side with the electrode formed in said each slot by dissociating 
electrically, and polarization was carried out in the thickness direction ] and the direction 
of polarization conflicts, while fixing to one The ink jet recording head which comes to 
prepare an ink supply means in the opposite side with said opening side. 
[Claim 3] The 1st to which polarization processing was performed, and a part equipped 
with the depth which reaches the 2nd piezo electric crystal substrate from the front face 
of cladding and the 1st piezo electric crystal substrate, and forms the ink reservoir section 
so that said direction of polarization may counter the 2nd piezo electric crystal substrate, 
The part equipped with the depth used as opening suitable for it being open for free 
passage to one flank of the 1st piezo electric crystal substrate, and making an ink droplet 
fly, The ink jet recording head which the slot which has the part equipped with the depth 
suitable for receiving supply of ink from the exterior, and was separated at constant pitch 



by the septum equipped with the substrate by which two or more formation was carried 
out, the lid which closes the effective area of the slot of said substrate, and the member 
by which ink is supplied to said slot. 

[Claim 4] The 1st, 2nd, and 3rd piezo electric crystal substrate with which polarization 
processing was performed so that said direction of polarization may counter Cladding, A 
part equipped with the depth which reaches the 1st [ which is located in a front face ], and 
2nd piezo electric crystal substrates which were fixed to the center section from the front 
face of the 3rd piezo electric crystal substrate, and forms the ink reservoir section, The 
part equipped with the depth used as opening suitable for it being open for free passage to 
one flank of the 1st piezo electric crystal substrate, and making an ink droplet fly, The 
substrate with which two or more formation of the slot which has the part equipped with 
the depth suitable for receiving supply of ink from the exterior, and was separated at 
constant pitch by the septum was carried out, the lid of two sheets which closes the 
effective area of the slot of both the front faces of said substrate, and the ink jet recording 
head equipped with the member by which ink is supplied to said slot. 
[Claim 5] The 1st and 2nd piezo electric crystal substrate with which polarization 
processing was performed so that said direction of polarization may counter Cladding, 
The substrate with which the closure of the both ends was carried out, and two or more 
formation of the slot separated at constant pitch by the septum was carried out while 
having the depth which reaches the 2nd piezo electric crystal substrate from the front face 
of the 1st piezo electric crystal substrate, and forms the ink reservoir section, The ink jet 
recording head equipped with the lid equipped with the slot which is fixed to the slot of 
said substrate at an open field side, and is open for free passage into the slot of said 
substrate, and forms a nozzle orifice, and the member which supplies ink to said slot. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the ink jet recording head which the ink 
of the ink interior of a room is made to fly as a drop by the kinetic energy of a 
piezoelectric transducer, and forms a dot in a record form. 



PRIOR ART 



[Description of the Prior Art] The recording head used for the ink jet printer which ink is 
made to fly as a drop, is made to form a dot in a record form, and prints an alphabetic 
character and a graphic form It is that to which the pressure, of ink room ** is changed 
with the piezo electric crystal which will produce mechanical displacement if a driving 
signal makes it impress. For example, while diaphram constitutes a part of pressure room 
as shown in JP,47-2006,A, the piezo electric crystal substrate cast in the shape of sheet 
metal is stuck on this diaphram, and it is constituted. Although this ink jet type recording 
head shrinks an ink room, makes the nozzle orifice which is open for free passage to this 
to ink fly outside by making ink into a drop and forms a dot in a recording head by 
impressing a driving signal to a piezoelectric device if , in order to close this activity on 
the relation which sticks a piezoelectric-device plate on diaphram — the magnitude of a 
pressure room — a certain extent - it must enlarge, since the nozzle orifice is arranged at 



very minute spacing in order to raise a hemihedry and a quality of printed character 
These both must be connected by passage and there is a problem that structure is 
complicated. 

[0003] A nozzle orifice is made to counter, the tip of a piezoelectric transducer is 
arranged as it is shown in JP,60-8953,B in order to solve such a problem for example, 
and the ink jet type recording head makes ink generate dynamic pressure with the 
variation rate of a piezoelectric device, and it was made to make an ink droplet fly is also 
proposed. Since big distance is in the acoustic impedance of a piezoelectric transducer 
and ink while according to this the passage which connects a pressure room and a nozzle 
becomes unnecessary and simplification of structure can be attained, there is a problem 
that the energy generated in the piezoelectric device cannot be used effective in drop 
formation. 

[0004] Moreover, while forming two or more passage in one front face of a piezo electric 
crystal substrate according to a dot formation field as shown in JP,63-247051,A in order 
to solve such a problem, the ink jet type recording head to which a wall surface is made 
to produce the deformation in shear mode, and the volume of a slot is changed is 
proposed by preparing an electrode in the wall surface of these passage. According to this 
recording head, since it not only can plan **** of structure, but the passage which opens 
between an ink room and nozzle orifices for free passage becomes unnecessary since the 
ink which exists in passage is directly compressible and an ink room is compressed 
directly, it has the advantage which generates a drop as it is also at high effectiveness that 
it can do. 



EFFECT OF THE INVENTION 



[Effect of the Invention] The part equipped with the depth which forms the ink reservoir 
section in this invention as explained above, The part equipped with the depth used as 
opening suitable for it being open for free passage to one flank, and making an ink 
droplet fly, The slot which has the part equipped with the depth suitable for receiving 
supply of ink from the exterior, and was separated at constant pitch by the septum, As the 
open field of said slot is made in agreement [ two or more piezo electric crystal substrates 
by which were equipped with the electrode formed in these slots by dissociating 
electrically, and polarization was carried out in the thickness direction ] and the direction 
of polarization conflicts, while fixing to one The dot which made installation of a nozzle 
plate unnecessary and was stabilized with the simplification of a production process can 
be made to form by forming an ink supply means in the opposite side with an opening 
side. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, since the member for forming the 
nozzle orifice for being stabilized and making a drop fly and the so-called nozzle plate 
are needed, it is necessary for a piezo electric crystal substrate to fix a nozzle plate. 
However, since a nozzle plate is fixed to a piezo electric crystal substrate, in order that a 
joint may receive telescopic motion of a piezo electric crystal substrate directly, there is a 



problem that the dot which spreading of adhesives is needed for a very minute part, and 
bond strength not only falls, but is formed of a location gap of a nozzle plate etc. 
fabrication operation is not only complicated, but is not fixed. It is offering the new ink 
jet recording head which can form the dot which this invention's was made in view of 
such a problem, and the place made into the purpose made installation of a nozzle plate 
unnecessary, and was stabilized with the simplification of a production process. 



MEANS 



[Means for Solving the Problem] In order to solve such a problem, it sets to this 
invention. The part equipped with the depth used as a part equipped with the depth which 
forms the ink reservoir section, and opening suitable for it being open for free passage to 
one flank, and making an ink droplet fly, The slot which has the part equipped with the 
depth suitable for receiving supply of ink from the exterior, and was separated at constant 
pitch by the septum, As the open field of said slot was made in agreement [ two or more 
piezo electric crystal substrates by which were equipped with the electrode formed in said 
each slot by dissociating electrically and polarization was carried out in the thickness 
direction ] and the direction of polarization conflicted, while fixing to one, said opening 
side formed the ink supply means in the opposite side. 



OPERATION 



[Function] If a polar electrical potential difference different, respectively is impressed to 
the electrode of the slot of the field which should form an ink droplet, and the slot of the 
neighbors of this, the septum which has separated the slot will shear-strain to the slot side 
which should form an ink droplet. Consequently, the volume of the slot which should 
form an ink droplet will be reduced, and it will become an ink droplet from opening of 
the ink fang furrow which exists here as it is, and will fly outside. 



EXAMPLE 



[Example] Then, based on the example illustrating the detail of this invention, it explains 
below. Drawing 1 is what shows the ink jet type recording head of the 1st example of this 
invention. The sign 1 in drawing With the piezo electric crystal substrate (henceforth a 
central substrate) arranged in the center which consists of an ingredient in which 
piezoelectric phenomena; such as lead zirconate arranged in a core, are shown the slots 3, 

3, and 3 later mentioned to front flesh-side both sides - it has the thickness which is .... 
and extent which can form 4, 4, and 4 .., and polarization processing is performed in the 
thickness direction, and it was shown in the front face and a rear face at drawing 2 , 
respectively - like - etc. the slots 3, 3, and 3 which become spacing with passage .., 4 
and 4, and 4 .. are formed. 

[0009] moreover, the slots 3, 3, and 3 of each side .... and the septa 5, 5, and 5 by which 

4, 4, and 4 .. consists of the same ingredient .., 6 and 6, and 6 .. separate — having - **** 
~ respectively —1/2 pitch ****** - it is positioned like, slots 3, 3, and 3 4 and 4, 



and 4 .. the end nozzle orifices 50, 50, and 50 .. are open for free passage to 1 side-edge 
la of the central substrate 1 so that 51,51, and 51 .. may be formed, and the other end is 
made to be open for free passage and make it the ink feed zone material 10 Moreover, in 
the back end front face of the central substrate 1, it is each slots 3, 3, 3, 4, and 4 and 
4.. The circuit pattern 13 which connects the cable 12 connected with the electrode 17 
prepared succeeding the wall surface and the base in the drive circuit which is not 
illustrated is formed. 

[0010] As shown in drawing 3 , depth is shallow [ the points 3a and 4a used as a nozzle 
orifice ] so that it may become the opening size suitable for making a drop fly, and the 
center sections 3b and 4b of these slots 3 and 4 are deep so that it may become the 
volume of extent which can hold the ink of a complement in formation of an ink droplet, 
and further, the back end side is formed so that it may become opening 10a of the ink 
feed zone material 10, and the depth which has suitable fluid resistance, the metal layer 
electrically separated by the null section 15 among the septa 5 and 6 which adjoin the 
pars basilaris ossis occipitalis and a side attachment wall as each slots 3 and 4 were 
shown in drawing 4 - forming — electrodes 16, 16, and 16 17 and 17, and 17 are 
prepared and impression of a driving signal is received from a drive circuit. 
[001 1] With the upper substrate which consists of an ingredient in which the same 
piezoelectric phenomena as the sign 20 in drawing and a central substrate are shown The 
slot 21 is formed in the slots 3 and 3 currently formed in the central substrate 1 as shown 
in drawing 6 , and 3 .... and the location which counters. These slots 21 Point 21a used as 
a nozzle orifice is shallow, and partial 21b used as an ink room is deep, and it is formed 
so that back end section 21c may be further open for free passage to opening 10a of the 
ink feed zone material 10. Each [ these ] slots 21 and 21 and 21 .... are isolated by septa 
22 and 22 and 22 .., and the metal layer electrically separated by the null section 23 is 
formed in a wall surface and a base, and electrodes 24 and 24 and 24 .. are prepared. 
These electrodes 24 and 24 and 24 .... form electric conduction relation with the 
electrodes 16 and 16 of the central substrate 1, and 16 .., when it piles up with the central 
substrate 1. 

[0012] The sign 30 in drawing is the bottom substrate which consists of an ingredient in 
which the same piezoelectric phenomena as the central substrate 1 are shown. The slot 31 
is formed in the slots 4 and 4 currently formed in the central substrate 1 as shown in 
drawing 9 , and 4 .... and the location which counters. These slots 31 Point 31a used as a 
nozzle orifice is shallow, and partial 31b which forms an ink room is deep, and back end 
section 3 lc is further open for free passage with opening 10a of the ink feed zone 
material 10. Each [ these ] slots 31 and 31 and 31 .... are isolated by septa 32 and 32 and 
32 .., and the metal layer electrically separated by the null section 33 is formed in a wall 
surface and a base, and electrodes 34 and 34 and 34 .. are prepared. These electrodes 34 
and 34 and 34 .... are the electrodes 17, 17, and 17 of the central substrate 1, when it piles 
up with the central substrate 1.. ****** relation is formed. 
[0013] Drawing 12 shows one example of the processing approach of the central 
substrate 1 mentioned above, the upper substrate 20, and the bottom substrate 30, fixes 
the predetermined include angle 41, for example, the wedge-shaped base of 2 times, to 
the level work-piece standing ways 40, and fixes the piezo electric crystal substrate 42 of 
predetermined thickness on the surface of this. 

[0014] KATTENGU [ the location of a dicing saw 43 is set up so that the penetrating 



depth in the point which serves as a nozzle orifice in this condition may become the value 
suitable for a nozzle orifice, for example, 30 micrometers, and / a dicing saw 43 or work- 
piece immobilization 40th / only fixed distance makes it move horizontally and ] 
relatively. The width of face which is equivalent to the OFF cost of a dicing saw by this 
at the include angle specified on the wedge-shaped base 41, for example, a 90- 
micrometer slot, will be formed. An end shape is completed by pulling up a dicing saw 
43 slowly, moving horizontally standing ways 40 or a dicing saw 43 still more, when 
fixed length is cut (I). 

[0015] In the phase which formation of one slot ended, the slot of a required number is 
formed for the work-piece standing ways 40 or a dicing saw 43 predetermined spacing, 
for example, by being able to shift 170 micrometers and repeating the above-mentioned 
process again. 

[0016] both sides of each piezo electric crystal substrate in which the slot 44 was formed 
- technique, such as electroless deposition, and sputtering, vacuum evaporationo, - a 
substrate front face - the nickel layer 45 - predetermined thickness, for example, 1 
micrometer, - forming - the front face of (II) and this nickel layer - a corrosion- 
resistant metal (Au), for example, gold, - predetermined thickness - for example, 0.1 
micrometers is formed (III). 

[0017] Subsequently, the metal layers 45 and 46 currently formed on the surface of the 
septum are etched in the direction parallel to passage by cutting or the photolithography 
with a dicing saw 47 etc., and the deposit of each passage is made to become independent 
electrically (IV). Thus, each constituted substrate makes each slots 21 and 31 of the upper 
substrate 20 and the bottom substrate 30 counter each front face, and is fixed by 
adhesives etc. so that it may be in agreement with the slots 3 and 4 of the central substrate 
1 . Moreover, open the ink feed zone material 10 and 10 for free passage in the back end 
section of the upper substrate 20 and the bottom substrate 30, the edges 3a and 4a of the 
slots 3 and 4 of the central substrate 1 are made to open the ink feed hopper 10a for free 
passage, and it fixes to a central substrate. Moreover, the slots 31 and 31 of the bottom 
substrate 30 and 31 .... are made to counter the front face of another side of the central 
substrate 1, and it is pasted. 

[0018] As this showed drawing 13 , arrangement immobilization of the upper substrate 
20 and the bottom substrate 30 is carried out so that it may have the directions E2 and E3 
of polarization which disagree with the direction El of polarization of the central 
substrate 1 bordering on a connection side with the ******** central substrate 1. the 
parts 3a and 21 a shallowly formed by part for a point, respectively, and 4a and 3 1 a 
showed each slot currently formed in these substrates 1, 20, and 30 to drawing 14 - as - 
nozzle orifices 50, 50, and 50 51 and 51, and 51 .. moreover, the ink room of a cross- 
section length waterdrop mold will be formed in a central part, moreover, the upper 
substrate 20 and the bottom substrate 30 - the electrodes 17, 17, and 17 with which each 
electrode 24, 24, 24, 34 of each, and 34 and 34 are formed in each front face of the 
central substrate 1 .., 18 and 18, and 18 .. will be contacted and electric conduction 
relation will be formed. 

[0019] thus, the constituted ink jet type recording head was shown in drawing 15 - as - 
each electrodes 24, 24, and 24 of the upper substrate 20 and the central substrate 1 - it 
connects with the drive power source 68 through .... and 3 State drive circuits 61-67 in 
which 17, 17, and 17 .. receives control with the signal from the printing data output 



circuit 60. In the ink room 70 corresponding to the location which should form a dot in 
this condition, one pole, Minus to the electrode prepared in two ink rooms 71 and 72 
which adjoin this ink room 70 again For example, the pole of another side, For example, 
when plus is impressed ( drawing 16 ), the electric fields Fl and F2 which make the ink 
room 70 an object line, respectively will act on the septa 73 and 74 of the central 
substrate 1 which has divided the ink room 70 which should form a dot, and the septa 75 
and 76 of the upper substrate 20. For this reason, these septa 73, 74, 75, and 76 will curve 
in shear mode to the ink room 70 side, the volume of the ink room 70 contracts, and the 
ink which exists here is compressed. The ink of the ink room 70 will fly outside by this 
from the opening 50 ( drawing 13 ) to which the tip was extracted. Since that cross 
section is extracted as compared with the ink room 70, this opening 50 will make the ink 
of an ink room fly in a record form as a drop of the optimal diameter, without performing 
an operation equivalent to a nozzle, therefore requiring nozzle orifice formation 
members, such as a nozzle plate, and will form a dot in this. 

[0020] If dot formation is completed and impression of a driving signal stops, since the 
septa 73, 74, 75, and 76 which were deforming now will return to the original condition, 
ink is supplied to the ink room 70 which an ink room will be expanded in process of this 
return, therefore formed the ink droplet from ink feed hopper 10a, and preparation of the 
next dot formation is completed. 

[0021] In addition, although it is in the condition that ink is flowing into the ink room in 
this example and ink is made to breathe out by making the septum which has divided the 
ink room transform into an ink room side suddenly As shown in drawing 17 , at the time 
of the direction which expands the volume of the ink rooms 71 and 72 contiguous to the 
ink room 70, i.e., contraction, it is an opposite direction as a reserve process. And the 
change rate of field strength impresses the small electric fields F3 and F4, make it 
transform comparatively slowly the septa 75 and 76 of the upper substrate 20 and the 
central substrate 1, and 73 and 74, and it fills up the ink room 70 with ink. Make septa 75, 
76, 73, and 74 transform into the ink room 70 side rapidly, and an ink droplet is made to 
breathe out, as shown in drawing 16 . Subsequently, by things An ink droplet can be 
generated at high effectiveness using the elastic energy which is made filled up with the 
ink of sufficient amount for the ink room 70, and is accumulated in septa 75, 76, 73, and 
74. 

[0022] Moreover, although a slot is formed in both sides of the central substrate 1 in an 
above-mentioned example and he is trying to form the nozzle orifice of two trains, even if 
it constitutes what formed the slot only in one field of the substrate equivalent to an 
above-mentioned central substrate, and was equipped with the nozzle orifice of only one 
train, it is clear to do the same operation so. 

[0023] Drawing 18 (a) and (b) are drawings showing the structure of the piezo electric 
crystal substrate which constitutes other ink jet type recording heads of this invention, 
respectively, the sign 80 in drawing is a piezo electric crystal substrate, it consists of an 
ingredient in which piezoelectric phenomena, such as lead zirconate, are shown, and 
polarization processing is performed in the thickness direction, and the slots 81 and 81 
which serve as passage at equal intervals, and 81 .... are formed in the front face. 
[0024] the septa 82, 82, and 82 by which each slots 81 and 81 and 81 .... consist of the 
same ingredient — it is formed so that .... may dissociate, it may be open for free passage 
to 1 side-edge 80a of a substrate 80 so that the end may form a nozzle orifice, and the 



other end may be open for free passage to an ink feed hopper. The point from which these 
slots 81 and 81 and 81 .... become a nozzle orifice like the above-mentioned example has 
shallow depth so that it may become the opening size suitable for making a drop fly, and 
a center section is deep so that it may become the volume of extent which can hold the 
ink of a complement in formation of an ink droplet, and further, the back end side is 
formed so that it may become opening of ink feed zone material, and the depth which has 
suitable fluid resistance, further -- each slots 81, 81, and 81 - electrodes 84 and 85 are 
formed in a pars basilaris ossis occipitalis and a side attachment wall so that it may be 
made the longitudinal direction by the null section 83 for 2 minutes, and external 
connection of these electrodes 84 and 85 is enabled with the electric conduction patterns 
86 and 87 at respectively. 

[0025] Moreover, the substrate 90 (this drawing (b)) of another side which makes this 
and a pair consists of the same piezoelectric material as the above-mentioned, and a slot 
91 and electrodes 94 and 95 are formed so that it may be aimed at a plane of composition 
on the surface of this, namely, the septa 92, 92, and 92 by which the slots 91 and 91 
which serve as passage at equal intervals, and 91 .... are formed in the front face of the 
piezo electric crystal substrate 90, and each [ these ] slots 91 and 91 and 91 .. consist of 
the same ingredient .... dissociates. These slots 91 and 91 and 91 .... are formed so that it 
is open for free passage to 1 side-edge 90a of a substrate 90 so that an end may form a 
nozzle orifice, and the other end may be open for free passage to an ink feed hopper. The 
point from which slots 91 and 91 and 91 .... become a nozzle orifice like the above- 
mentioned example has shallow depth so that it may become the opening size suitable for 
making a drop fly, and a center section is deep so that it may become the volume of 
extent which can hold the ink of a complement in formation of an ink droplet, and 
further, the back end side is formed so that it may become opening of ink feed zone 
material, and the depth which has suitable fluid resistance. Furthermore, electrodes 94 
and 95 are formed in the pars basilaris ossis occipitalis and the side attachment wall so 
that each slots 91 and 91 and 91 .... may be made into the longitudinal direction by the 
null section 93 for 2 minutes. External connection of these electrodes 94 and 95 is 
enabled with the electric conduction patterns 96 and 97, respectively. 
[0026] Thus, when two constituted piezo electric crystal substrates 80 and 90 are made to 
counter and it is made to rival with adhesives etc., two substrates 80 and 90 will have the 
ink room of the cross-section length waterdrop mold which has the nozzle orifice 
extracted from the part in which it had polarization polarity E4 and E5 in the direction 
which conflicts bordering on the connection side, and a part for a point was formed 
shallowly, respectively. Moreover, two electrodes 84 and 85 formed in each slot 81 of a 
substrate 80 and two electrodes 94 and 95 of a substrate 90 will contact mutually, and 
will form electric conduction relation, and the electrode divided into two at the 
longitudinal direction will be formed in one ink room. 

[0027] Drawing 19 shows the drive method of the recording head mentioned above, and 
outputs the time amount taken for vibration to spread the output of 3 State drive circuits 
101 which receive control with the signal from the printing data output circuit 100 to the 
electrodes 85 and 95 by the side of the ink feed hopper 103, and to spread inter-electrode 
[ these ] to the electrodes 84 and 94 by the side of direct and a nozzle through the delay 
circuit 102 made into a time delay. 

[0028] According to this example, if a driving signal is impressed, since a signal is first 



impressed to the electrodes 85 and 95 by the side of the ink feed hopper 103, among the 
septa 82 and 92 which constitute passage, only the field of electrodes 85 and 95 deforms 
into an ink room side, the ink which exists here will be compressed and an elastic wave 
will be produced. If the time amount (20 microseconds when [ For example, ] the center 
distance of the electrode currently divided is 20mm) set as the delay circuit 102 passes, 
the elastic wave from electrodes 85 and 95 will reach electrodes 84 and 94. At this time, a 
signal will output from a delay circuit 102, and a driving signal will be impressed to 
electrodes 84 and 94. For this reason, since ink will be further compressed by the 
electrode 84 and the septa 82 and 92 of 94 fields with the gestalt superimposed on the 
elastic wave generated with electrodes 85 and 95, are high effectiveness, moreover, the 
ink which goes to a nozzle orifice will be compressed in a short field, a sharp pressure 
wave is made to act on a nozzle orifice, and the good ink droplet of an ink piece is made 
to fly. 

[0029] In addition, even if it makes it impress a driving signal to the electrode which 
divided or more into three at the longitudinal direction, and was each divided while 
delaying only the time amount required for the pressure wave generated in the ink feed 
hopper side to reach each electrode although he is trying to divide an electrode into two 
in this example at the longitudinal direction of a slot, it is clear to do the same operation 
so. 

[0030] The structure of the electrode of an ink jet recording head of making other 
examples of this invention shows drawing 20 , as mentioned above here, the slot 111 
which is open for free passage to end 1 10a of the piezo electric crystal substrate 110, and 
forms, a nozzle orifice is formed, the sign 1 10 in drawing is a piezo electric crystal 
substrate, and the electrode 1 12,1 12 for making electric field act on a septum is formed in 
the wall surface of a slot 111, and the base. This electrode 1 12,1 12 consists of field 1 12a 
which becomes the side which serves as a nozzle orifice, i.e., substrate edge 1 10a, and 
field 1 12b which becomes an ink feed hopper side so that field 1 12b by the side of an ink 
feed hopper may become thick. Needless to say, the electrode with which such thickness 
differs partially can be simply formed by controlling vacuum evaporationo time amount 
and plating time amount. 

[0031] If such electrode structure is taken, since the elasticity of the septum by the side of 
an ink feed hopper can be reinforced with a metal with a bigger elastic modulus than a 
piezo electric crystal substrate, deformation of the septum of an ink feed hopper side field 
will start earlier than a nozzle orifice side. Since it is in the condition in the middle of the 
septum of this field being deformation when the pressure wave of the ink produced 
according to this deformation reaches a nozzle orifice side, the pressure wave spread 
from the ink feed hopper side will be compressed further, a sharp pressure wave is made 
to act on a nozzle orifice like the above-mentioned, and the good ink droplet of an ink 
piece is made to fly. 

[0032] In addition, although he is trying to change the thickness of the metal layer which 
constitutes an electrode in this example to the longitudinal direction of a slot in two steps 
Partial 122a which carried out the increment of the thickness to the longitudinal direction 
of the slot 121 of the piezo electric crystal substrate 120 more than the three-stage as 
shown in drawing 20 (a), As shown in drawing 20 (b), even if it forms the electrode 122 
with 122b and 122c or an ink supply side forms the electrode 123 which becomes thick in 
monotone, it is clear to do the same operation so. 



[0033] The structure of the slot which forms in a piezo electric crystal substrate other 
examples on which a pressure wave is centralized shows drawing 22 , the sign 130 in 
drawing is the slot formed in the piezo electric crystal substrate 131, field 130b shallow 
to extent to which deep field 130a does not cause a failure to an ink feed hopper side 
again at ink droplet formation is formed in a nozzle orifice side, and the electrode 132 is 
formed in these wall surfaces and a base. According to this example, as compared with 
the height H2 by the side of a nozzle orifice, since it is small, as for the septum 133 
which deforms with the driving signal impressed to the electrode 132, the height HI by 
the side of an ink feed hopper will have a high elastic modulus in response to constraint 
at the bottom. Consequently, when a driving signal is impressed to an electrode, an ink 
feed hopper side deforms first, and since a nozzle.orifice side with a small elastic 
modulus will deform continuously, the septum of a nozzle orifice side field will deform 
with the gestalt superimposed on the pressure wave spread from the ink feed hopper side. 
Therefore, a sharp pressure wave can be made to act on a nozzle orifice like the above- 
mentioned example. 

[0034] As shown in drawing 23 according to the example shown in drawing 19 **** 
drawing 22 mentioned above, it is a time of the pressure wave (this drawing I) generated 
in the ink feed hopper side setting time amount deltaT, and arriving at a nozzle orifice 
side (this drawing II), and since the field here can be made to transform, it becomes 
possible to make a nozzle orifice spread a small pressure wave with big peak value of the 
skirt as shown with the dotted line in this drawing. Consequently, the ink droplet which a 
regurgitation rate is quick, the short ink droplet of duration will moreover occur, and 
whose knee is small, and moreover does not have generating of tailing can be injected in 
a record form (this drawing III). 

[0035] On the other hand, since a pressure wave occurs in coincidence in all the fields 
from a nozzle orifice to an ink feed hopper as shown in drawing 24 (I) and this spreads to 
a nozzle orifice one by one in not taking the above measures, it will elutriate over m 
comparatively long time amount like the liquid jet from a water gun exactly. For this 
reason, the ink droplet which this drawing (II) flying speed is small, and moreover carries 
out long duration continuation will occur, a knee and a satellite will be produced, and 
deterioration of a quality of printed character will be caused. 
[0036] By drawing 25 showing the 2nd example of this invention, the sign 140 in 
drawing is the substrate which consists of piezoelectric material, such as lead zirconate, 
and it is selected by the depth of the deepest part of the passage mentioned later, for 
example, bigger thickness than 1/2 [ 400-micrometer ], for example, 1mm, and 
polarization processing is beforehand made in the thickness direction. 141 is the upper 
substrate which consists of the same ingredient as the above-mentioned substrate 140, it 
is selected by the thickness with about 1 /comparable as 2 of the deepest part of passage, 
for example, 200 micrometers, and polarization processing is beforehand made in the 
thickness direction. It is fixed with adhesives and these substrates 140,141 are constituted 
by one substrate 142 so that the direction of polarization may counter. 
[0037] Slot 143,143,143 .... which constitutes passage as were shown in drawing 26 and 
this substrate 142 uses the substrate 141 with thinner thickness as a front face is formed. 
At the end of a substrate 142, these slots so that a nozzle orifice may be formed united 
with the lid 150 later mentioned as width of face was chosen as 85 micrometers and it 
was shown in drawing 27 With a very shallow depth of 80 micrometers, for example, 



depth, partial 143a, It is formed so that it may become the shallow depth with which 
passage is severed by the wall surface as partial 143b and the other end with a thickness [ 
twice / about / the depth of a substrate 141 ] and a depth of 400 micrometers are a 
substrate 141, for example, partial 143c which is 100 micrometers. There is little this 
partial 143c about the return of ink at the time of opening 151a of the ink feed zone 
material 151 mentioned later, and fixed fluid resistance, i.e., printing, and at the time of 
ink supply, that depth and die length are chosen so that it may become extent with which 
ink flows into whether you are Sumiya. 

[0038] Septum 146,146,146 .. which consists of the same ingredient, respectively 
dissociates, and a metal layer is prepared in the wall surface and a base, electrode 
147,147,147 .. is constituted, electric conduction pattern 148,148,148 connects with a 
cable 149, and each slot 143,143,143 .... receives a driving signal from an external drive 
circuit. 

[0039] It returns to drawing 25 again, and 150 is the lid mentioned above, and it is being 
fixed to the substrate 142 so that from point 143a of the slot 143,143,143 formed in the 
substrate 142 to back end section 143c may be sealed. 151 is ink feed zone material and 
is attached in a part of back end section 143c of the ink feed hopper 151a fang furrow 
143, and a location open for free passage. Drawing 28 shows one example of the 
formation approach of the slot 143 mentioned above, and the sign 155 in drawing is the 
substrate which made the direction of polarization counter, and two piezo electric crystal 
substrates 156,157 with which polarization processing was made beforehand were made 
to rival, and constituted them, and is fixed to the bench by making the substrate 156 of 
the thinner one into a cutting initiation side. A dicing saw 160 is set to the location used 
as the central part of a slot in this condition, and the slot 161 of the die length which was 
made to move infeed, a dicing saw, and a substrate 155 relatively, and was suitable for 
the ink room is formed until it becomes about 2 times of the thickness of a substrate (I). 
[0040] A dicing saw 160 is pulled up in the phase in which the slot 161 which does in 
this way and serves as an ink room in ** was formed, a dicing saw 160 is moved at the 
tip of a substrate 155, and this part is deeply cut by predetermined Mr. Fukashi (II). 
Furthermore, a dicing saw 160 is moved to another side of a substrate 155, and the part 
used as a connection with ink feed hopper 151a is formed. At this time, infeed depth and 
die length are adjusted according to ink and the ink supply pressure to be used. In the 
phase which formation of a slot ended, the layer of a nickel chromium alloy is formed by 
vacuum evaporationo, sputtering, electroless deposition, etc. so that it may become 4 
micrometers in thickness, and a golden (Au) layer is formed in the front face of this layer 
so that it may become 1 micrometer in thickness. Thus, when a metal layer is formed all 
over the front face of a substrate, the wall surface of a slot, and a base, the metal layer on 
the top face of a septum which has divided the slot is removed, and the electrode for 
every slot is separated electrically. The metal layer of the front face of the substrate back 
end section is made to correspond to an electrode that the track connected to these 
electrodes according to this should be formed, and it dissociates. 
[0041] If the cross-section structure of the ink jet type recording head constituted by 
carrying out drawing 29 in this way is shown and ink is supplied to ink feed hopper 151a 
in this example, ink will flow into the whole slot from edge 143c of a slot 143, and will 
form a meniscus in a nozzle orifice 145. the electrode of the slot which is open for free 
passage in this condition to the nozzle orifice in which a dot should be made to form ~ 



one pole - moreover, if the electrical potential difference of the pole of another side is 
impressed to the electrode of two slots which adjoin this, the septum which has divided 
the slot which should form a dot as mentioned above will deform in shear mode, and will 
reduce the volume here to an ink room side. Ink will fly outside by this from the nozzle 
orifice 145 formed with point 143a of the slot on the substrate, and a lid 150. If a signal is 
severed when formation of a dot is completed, since a septum will be in the original 
condition, the volume of a slot is expanded, ink is supplied from edge 143c of a slot by 
this, and it prepares for the next printing. 

[0042] In addition, although an ink room is reduced by impression of a driving signal in 
this example and he is trying to print, after making an ink room extend as drawing 17 
explained, it can also print. Moreover, the technique shown in drawing 18 (a) **** 
drawing 22 (b) also in this example, That is, an electrode is divided into a nozzle orifice 
and ink supply side to at least two fields. According to the propagation velocity of a 
pressure wave, time difference is given from an ink supply side. Impress a driving signal 
or Moreover, by applying forming in an ink supply side the electrode which becomes 
thick one by one from a nozzle orifice side, and making shallow the depth of flute by the 
side of ink supply, and making small relatively the elastic modulus by the side of a nozzle 
orifice It is clear that Susono generates a pressure wave with big peak value, and can 
generate the sharp ink droplet of an ink piece small. 

[0043] Drawing 30 shows one example of this invention, the sign 170 in drawing is the 
substrate which consists of piezoelectric material, such as lead zirconate, it is selected by 
the deepest partial depth of the passage mentioned later, for example, bigger thickness 
than 1/2 [ 400-micrometer ], for example, 1mm, and polarization processing is 
beforehand made in the thickness direction. 171 is the upper substrate which consists of 
the same ingredient as the above-mentioned substrate 170, it is selected by the thickness 
with about 1 /comparable as 2 of the deepest part of passage, for example, 200 
micrometers, and polarization processing is beforehand made in the thickness direction. It 
is fixed with adhesives and these substrates 170,171 are formed in one plate so that the 
direction of polarization may counter. As the slot 173 with a width of face of about 85 
micrometers mentioned above so that the substrate 171 with thinner thickness might 
serve as an effective area, it is formed at constant pitch and is in this substrate 172. These 
slots 171 are formed so that it may become the depth of about 400 micrometers of about 
2 twice of the thickness of a substrate 171, for example, the depth, with cross-section boat 
form, a metal layer is prepared in the wall surface and base the same with having 
mentioned above, and the electrode 176 is formed. 

[0044] It has the die length of extent which 180 is a lid, an end is wide opened at the edge 
as shown in drawing 31 , and the other end opens for free passage into the slot 173 of the 
^piezo electric crystal substrate 171 at- least. And the depth, size suitable for both width of 
face forming the nozzle orifice which makes an ink droplet fly, For example, it is 
constituted so that about 80 micrometers slot 180a may be formed according to the pitch 
of a slot 173,173,173 and may form a nozzle orifice 181 ( drawing 32 ) in a point by slot 
180a of a lid 180, and the front face of the piezo electric crystal substrate 171. 182 is ink 
feed zone material, and it is being fixed so that it may be open for free passage by the 
other end of the ink feed hopper 1 82a fang furrow 173. 

[0045] In this example, if a driving signal is impressed to the electrode 176 of two slots 
contiguous to the slot which is open for free passage to the nozzle orifice which should 



form a dot the same with having mentioned above, a septum will deform and an ink room 
will contract. A pressure is received, and the ink held in the slot by this serves as an ink 
droplet from the nozzle orifice 181 formed by level difference 180a of a lid 180, and the 
piezo electric crystal substrate 172, and will fly. In addition, although an ink room is 
reduced by impression of a driving signal in this example and he is trying to print, after 
making an ink room extend as drawing 17 explained, it can also print. 
[0046] Moreover, the technique shown in drawing 18 (a) **** drawing 22 (b) also in this 
example, That is, an electrode is divided into a nozzle orifice and ink supply side to at 
least two fields. According to the propagation velocity of a pressure wave, time 
difference is given from an ink supply side. Impress a driving signal or Moreover, by 
applying forming in an ink supply side the electrode which becomes thick one by one 
from a nozzle orifice side, and making shallow the depth of flute by the side of ink 
supply, and making small relatively the elastic modulus by the side of a nozzle orifice It 
is clear that Susono generates a pressure wave with big peak value, and can generate the 
sharp ink droplet of an ink piece small. 

[0047] It is what is shown that drawing 33 is also at the structure of a slot about other 
examples of this invention. The sign 190 in drawing polarization processing should do in 
the thickness direction ~ about [ of the maximum depth of the slot which one thickness 
should form ] — with the piezo electric crystal substrate 191 which has one half of 
thickness, and the substrate which made the direction of polarization counter, and the 
thicker piezo electric crystal substrate 192 was made to rival, and consisted of this 
substrate 191 From the side used as a nozzle orifice, the slot is formed so that depth may 
become deep in monotone at an ink supply side at the shape of a straight line. 
[0048] According to this example, a dicing saw is applied to the side used as the nozzle 
orifice of a substrate 190, and it becomes possible to form a slot by one actuation only by 
performing cutting, bringing a dicing saw and a substrate 190 in the direction which 
should form a slot close relatively. In addition, although the case where a nozzle orifice 
was formed only in one field of a substrate in the example shown in drawing 25 and 
drawing 30 was taken and explained to the example, the gestalt of 2 train array as shown 
in drawing 1 can also be taken. 

[0049] That is, as shown in drawing 34 , the piezo electric crystal substrate 201,202 
equipped with about 1/2 thickness of the slot which should be formed in both sides of the 
piezo electric crystal substrate 200 arranged in the center is stuck, and a slot 203,204 is 
formed in a predetermined pitch from these piezo electric crystal substrate 201,202 side, 
respectively. If close with a lid 205,206, the slot 203,204 of each field is made open for 
free passage and the ink feed zone material 207,208 is formed while forming in these 
slots 203,204 the electrode which became independent electrically, respectively, the 
recording head equipped with the nozzle orifice of two trains can be constituted easily. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing the 1st example of the ink jet type 
recording head of this invention. 

[Drawing 2] It is the perspective view showing one example of the piezo electric crystal 
substrate arranged in the center. 



[Drawing 31 It is the sectional view showing the configuration of the slot currently 
formed in the piezo electric crystal substrate arranged in the center. 
[Drawing 41 It is the perspective view showing the structure of an electrode prepared in 
the piezo electric crystal substrate arranged in the center. 

[Drawing 51 It is drawing showing the electrode structure of the piezo electric crystal 
substrate arranged in the center. 

[Drawing 61 It is the perspective view showing the structure of the piezo electric crystal 
substrate which are used by making it the piezo electric crystal substrate and pair which 
are arranged in the center. 

[Drawing 71 It is drawing showing the cross-section structure of the slot currently formed 
in the above-mentioned substrate. 

[Drawing 81 It is drawing showing the electrode structure of a piezo electric crystal 
substrate. 

[Drawing 91 It is the perspective view showing the structure of other piezo electric crystal 
substrates which are used by making it the piezo electric crystal substrate and pair which 
are arranged in the center. 

[Drawing 101 It is drawing showing the cross-section structure of the slot currently 
formed in the above-mentioned substrate. 

[Drawing 111 It is drawing showing the cross-section structure of the electrode currently 
formed in the above-mentioned substrate. 

[Drawing 121 This drawing (I) - (IV) are drawings showing the process which forms a 
slot, and the process which forms an electrode in a piezo electric crystal substrate, 
respectively. 

[Drawing 131 It is the sectional view showing the structure of the 1st ink jet type 
recording head of this invention. 

[Drawing 141 It is drawing which looked at the 1st ink jet type recording head of this 
invention from the ink droplet injection side. 

[Drawing 151 It is drawing showing the drive method of the ink jet type recording head of 
this invention. 

[Drawing 161 It is drawing showing the deformation condition of the septum at the time 
of expulsion of an ink droplet. 

[Drawing 171 It is the explanatory view showing other drive methods of the ink jet type 
recording head of this invention. 

[Drawing 181 This drawing Fig. (b) and (b) are the perspective views showing other 
examples of electrode structure, respectively. 

[Drawing 191 Drawing is drawing showing the drive method suitable for the recording 
head which takes the electrode structure shown in drawing 18 . 
[Drawing 201 This drawing (b) and (b) show other examples of electrode structure, 
respectively, and drawing (b) shows the structure as which drawing (b) regarded cross- 
section structure from the opening side of a slot again. 

[Drawing 211 This drawing (b) and (b) are drawings showing other examples of electrode 
structure in the condition of having seen from the opening side of a slot, respectively. 
[Drawing 221 This drawing Fig. (b) and (b) show other examples of the slot formed in a 
piezo electric crystal substrate, respectively, and drawing (b) is the plan as which drawing 
(b) regarded the sectional view from the opening side of a slot again. 
[Drawing 231 It is drawing showing the condition of the pressure wave of the ink at the 



time of taking the electrode structure shown in drawing 18 **** drawing 22 , and the 
structure of a slot, and the gestalt of an ink droplet brought about by this. 
[Drawing 241 When not taking the measures shown in drawing 18 **** drawing 22 , it is 
drawing showing the condition of the pressure wave produced in ink, and the gestalt of an 
ink droplet brought about by this. 

fDrawing 251 It is the perspective view showing the 2nd example of this invention. 
[Drawing 26] It is the perspective view showing the structure of the piezo electric crystal 
substrate used for the ink jet recording head shown in the 2nd example. 
[Drawing 271 It is the sectional view showing the configuration of the slot formed in a 
piezo electric crystal substrate same as the above. 

[Drawing 28] This drawing (I), (II), and (III) are drawings showing the technique of 
forming a slot in a piezo electric crystal substrate, respectively. 

[Drawing 291 It is drawing showing the cross-section structure of the equipment shown in 
drawing 25 . 

[Drawing 301 It is the sectional view showing the 3rd example of this invention. 
[Drawing 311 It * s the perspective view showing one example of the covering device 
material used for drawing 30 . 

[Drawing 321 It is the front view showing the structure by the side of the nozzle orifice in 
a recording head same as the above. 

[Drawing 331 It is the sectional view of the piezo electric crystal substrate it is indicated 

that is also at the structure of a slot about the 4th example of this invention. 

[Drawing 341 It is the sectional view showing the physical relationship of the piezo 

electric crystal substrate in the case of making the nozzle train in the 2nd ****** 4 

above-mentioned example into dual structure, and a lid, and the structure of the slot 

formed in a piezo electric crystal substrate. 

[Description of Notations] 

1 , 20, 30 Piezo electric crystal substrate 

3 Four Slot 

5 Six Septum 

10 Ink Feed Zone Material 

17, 24,18, 34 Electrode 

50 51 Nozzle orifice 
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[Translation done.] 



